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ABSTRACT

Today’s Advance Technology Facilities require low noise levels and increased noise monitoring.
Ambient noise can interfere with the accuracy and precision of experiments and manufacturing
processes. Therefore preconstruction site surveys are needed to develop strategies for mitigating
noise. Vibration and low frequency electromagnetic fields are particularly detrimental for
sensitive instruments, and they are also difficult to mitigate. However a large part of these costs
can be avoided or minimized if a quiet building site is selected in the first place. Accelerometers
and gauss meters combined with a computer for acquisition and analysis provide a low cost
method of evaluating noise levels at proposed building sites.

This work examines low

frequency vibration and electromagnetic fields at two proposed sites for the planned Physical
Science Building at the University of Central Florida.
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INTRODUCTION

Science is pushing the boundaries of resolution and scale. Nanoscale is the term de jour for
cutting edge research and technology. The sensitive instrumentation required for new research is
ever more susceptible to ambient noise. Remediation of existing facilities for nanoscale research
is costly and only provides minimal gains to experimental accuracy and resolution if the site is
fundamentally noisy. Selecting a building site that is low in both vibration and electromagnetic
interference is necessary and ultimately saves cost. Therefore, site surveys are essential to the
planning and design of any research facility.

Two potential building sites have been identified for the new Physical Science Building at the
University of Central Florida. Figure 1 presents a campus map and identifies the two sites. Site
A is located on a parking lot behind the Biology building. The surface consists mainly of asphalt
and concrete with intermittent medians of grass. The noise level is rather high during the day,
with heavy vehicular and pedestrian traffic directly at the site and nearby roadways, and a
Physical Plant facility is located nearby approximately 200 feet away. Site B consists of mostly
grass and intermittent sidewalks sparsely populated by some trees. During the day a modest
amount of foot traffic takes place as well as traffic from UCF vehicles (lawn care, administration
golf carts, physical plant vehicles, and police). An ambulance entrance is located very nearby at
the UCF Health Center, which could be a large source of noise that would be unpredictable and
1

hard to mitigate. Planes passing low overhead on approach to Orlando Executive Airport
contribute to the overall noise in varying degrees depending on the type of aircraft. At night the
site is quiet, with sparse foot traffic and planned lawn maintenance as the only nearby sources of
vibration. However, site B is bisected by a major buried utility corridor which is a strong source
of electromagnetic interference.

Site B

Site A

UCF Physical
Plant

Figure 1: Campus map depicting both sites. Site A is a parking lot while site B is a pedestrian
walkway between two campus buildings.
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CHAPTER ONE: ELECTROMAGNETIC INTERFERENCE

General Properties:

This thesis presents electromagnetic interference data for frequencies in the range of 20-2000 Hz.
High and lower frequencies may also cause interference, but the available Gauss meter precluded
measurements outside the specified range. Moreover, our instrument measured only the
magnetic component (in milliguass) of the electromagnetic field.

Figure 2: Near field and far field effects.
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One of the most important properties in considering electromagnetic noise is the characteristic
decay distance from the source. Figure 2 shows a diagram of an EM wave in both the near field
and far field. For electromagnetic fields the distance depends on the type of source. Within one
wavelength of the source is considered to be near field resulting in rapid decay rates. In the far
field, “wave zone”, EM field intensity decays more slowly as the inverse square of the distance
from the source at two wavelengths and longer from the source. Low frequency EM waves are
almost always measured in the near field region because of their long wavelengths. For data
presented here, wavelengths are in the range of 100 to 10,000 km, so that we are always in the
near field and an inverse square law can never be assumed. The complete spatial field
distribution must be measured. The magnetic and electric contributions to the E-M field energy
are not necessarily equal in the near field.

Methods of Measurement:

The magnetic portion of EM waves was measured by a Gauss meter. The Gauss meter consists
of a copper solenoid in which a time dependent magnetic flux produces a current by faraday's
law. Direction of flux can also be determined by the Gauss meter. The solenoid must be aligned
with the flux direction meter to obtain the strongest signal readings. In our tri-axial meter, three
solenoids are oriented in each of the three orthogonal axes so that orientation independent
measurements are made. A Syprus 4090 model Gauss meter made by F.W. Bell sensitive to 20
to 2000 Hz frequency fields was utilized.
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Our Gauss meter is sensitive to time dependent magnetic fields. Static fields, such as that of the
earth, cannot be detected. Transformers and high voltage lines are the most active sources of
interference. Usually they are located away from buildings, and these emissions decay as
inverse cube of distance for transformers, and inverse square for power lines. High technology
facilities require very low levels of ambient radiation. Electron microscopes can lose accuracy
and performance at levels of 0.1 milliguass.

The data obtained during field surveys of magnetic fields for the designated areas is presented as
contour plots or as a 3-D surface map. The magnetic fields at a given point vary by up to 0.2 to
0.5 mG depending on the time measured and source. However the reported values are
representative.

Field Procedures:

The selected area was parsed into sections according to the desired resolution. A preliminary
walk through highlighted the major EMI sources. The regions of high field values require a
higher resolution due to short decay lengths. The spatial resolution can be low when the field
varies slowly with distance. Data was recorded by hand, and care was taken to note the location
of each measurement.

Each section of the area is mapped onto a grid according to the field decay rate as shown
schematically in figure 3. The size of the grid depends on the resolution desired. For our case,
the areas of extreme varying field (a 0.4 to 0.8 drop or increase of field with movement of 1 foot)
5

are sampled more frequently than areas of roughly uniform field (0.1 to 0.2 drop or increase of
field over 10 feet). Using this method concentrates data points in areas where they are most
useful in characterizing the ambient field. If the entire area is sampled in the same manner, the
computer generating the plot will either run out of memory or the plot (data set) will be to large
for a smoothing algorithm to be applied. The final plot of points is expressed by a matrix (data
set) which can be graphed to form a rough sketch of the area. Using a spline or cubic fit
smoothing algorithm on the matrix within MATLAB further approximates the values. The result
is a smooth contour plot or surface mesh that approximates the magnetic flux for the entire area
measured in a given field survey.

Figure 3: Resolution grids for area surveyed. Areas of varying field are sampled more
frequently then areas of nearly uniform field.
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Some laboratories in the existing Math and Physics building were also measured for ambient EM
fields. Each instrument within a lab contributes magnetic fields, so that the results vary according
to the location of movable equipment. Spot checks with the Gauss meter help diagnose faulty
wiring, malfunctioning equipment, and unshielded spaces within the lab, which were portioned
and measured as per the field surveys. Although lab results vary strongly with elevation, data
were collected only at the elevation of each identified noise source for lab locations near each
source.

Results:

Site A:

Figure 4 shows an aerial photograph of site A with superimposed EM field contours.
Measurements of the area are roughly 300 ft by 175 ft. The Engineering III building, located to
the right of the photograph, was under construction during the measurements. Some
transformers and other conduits are being moved because of the recent construction so EMI
values may change in the future. EMI values are currently dominated by a buried transmission
line under the sidewalk that traverses the length of the site. The maximum values recorded for
the underground line are 25-28 mG, falling rapidly to approximately 7 to 10 mG. The rest of the
area is quiet with background values of 0.1 to 0.3 mG spiking in some areas to 0.4 mG.

7

Figure 4: Site A aerial photograph. Displays surrounding buildings and landmarks.
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Site B:

Figure 5 presents an aerial photograph of site B with superimposed EM field contours.
Blueprints of site B indicate a buried distribution line situated within the south end portion of the
zone (right hand side). Various conduits for sewer, communications, and water had fields of 1 to
3 mG. The power line exhibited field values ranging from 2 to 5.5 mG over its entire length.
Varying depths and different power loads probably contributed to the range of values. Locations
away from these sources had nearly uniform field. The minimum values measured were 0.1 to
0.3 mG in the northern part of the zone (upper left hand quadrant). The northwestern portion of
the area has field values that peak above the expected background of the site (0.3 to 0.5 mG),
although no conduit was indicated on the blueprints. Signs of recent digging around the area of
peak values lead to the belief that it may be a communications line. The field readings went
from a maximum of 1.8 mG to background levels of 0.3 mG after 50 feet (from the north-west
corner to north-east).

Figure 6 displays high resolution plots of the right hand (eastern) and left hand (western)
quadrants of the area. Milligauss values are displayed on the contour lines corresponding to
areas high and low in field strength. Some artifacts can be seen in the upper right hand corner of
the eastern portion. These artifacts are a result of the smoothing algorithm used in Matlab and
will disappear if a higher resolution is selected (number of contour lines displayed).

Figure 7 shows a 3-D surface plot of the entire area using the survey field measurements; the
units along the x-y axis denote the amount of interpolation points used in the smoothing
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Figure 6: Magnetic field contour detail for site B. The two areas are halves of the surveyed
land slated as Site B for construction. Field strengths are shown in terms of milligauss. Several
artifacts are present from the smoothing algorithm used to produce the plots (upper right hand
corner). The left hand side corresponds to the western portion and the right hand to the
eastern portion respectively.
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2

Figure 7: 3-D mesh plot of EMF contributions for the entire region, cubic fit for Site B.
The z-axis (height) corresponds with the level of field strength measured.
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Laboratory Measurements:

Laboratory measurements were preformed using spot checks to first locate regions of high and
low fields. Then the area was partitioned and measurements taken down the length and width of
the area. Using the same grid resolution approach, the area is approximated with a smoothing
algorithm producing approximate contour plots of the surveyed area. Resolution is limited
because current laboratory equipment and furnishings cannot be moved, therefore sampling for
measured partitions is approximate in building the data set.

Figure 8 presents magnetic field contours for laboratory space in use by the Roldan-Cuenya
group in Math and Physics Building (room number 148). A power supply unit and circuit
breaker panel are located on the wall nearest the door. These sources emit a large portion of the
lab’s measured field strength, which drops off quickly with distance. Peak values for the power
supply unit can exceed 30 mG directly at the source. A high vacuum system located in the
center of the lab is a weaker source (1-3 mG). Equipment racks, a water chiller supporting the
vacuum chamber, associated devices emit moderate field strength ranging from 5 mG to 10 mG.
One of the fluorescent light fixtures attached to a desk unit (lower right) emitted much stronger
fields strength. Measured peak values for the fixture were 20 to 30 mG dropping sharply off to
background with distance

13

door
Figure 8: Map One, field contributions contour plot for lab space in use by the Roldan Cuenya
group
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Room 240 in the Math and Physics building is used by the Del Barco group and contains several
systems that emit considerable sources EMI noise. Figure 9 displays the measured field values
for the entire lab space. Background field strength is around 0.4 to 0.7 mG. The area measured
is roughly 15 by 40 ft. The central region features fields of 8 to 15 mG that are due to vacuum,
power supply, and other instrumentation needed to operate a dilution refrigerator, which includes
a superconducting magnet. The fields are highest at the magnet current supply and vacuum
control system, which is located at the 30 ft mark on the plot, with values as high as 60 mG. An
oxygen controller located in the bottom left hand corner of the room has field values peaking at
almost 300 mG, though these fields drop very sharply with distance. These peak values for the
oxygen controller and power supply are not shown in figure 9 due to the choice of contour
increment.

Figure 9: Map two, field contributions contour plot for MAP 240
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CHAPTER TWO: VIBRATIONS

General Properties:

Vibrations pose a unique challenge for sensitive equipment, and they are difficult to mitigate.
Low frequency vibrations may resonate with natural frequencies of both buildings and
equipment. Vibrations of concern here propagate along the surface. Sources include traffic,
construction, and passing aircraft so that vibrational noise may be intermittent and random.

Along the surface, vibrations either move in a side-to-side motion or up and down motions
corresponding to Love and Rayleigh weaves. Figure 10 schematically indicates Rayleigh and
Love wave propagation and mass displacement. As depth increases, surface wave intensity
decreases exponentially, suggesting that basements are preferred for sensitive research. Surface
waves decay only as the inverse square root of distance from the source. Love waves are known
to travel three times around the circumference of the earth before dissipating after certain
earthquakes. The frequency also plays a role in how these waves propagate due to dispersion.

16

Figure 10: Schematic representation of Surface Waves

A paper written by Colin Gordon and Associates, deals with defining industry standards for
acceptable vibration levels with respect to equipment used. Table 1 presents these criteria. The
units are given in terms of velocity (microns/seconds) and attainable resolution (microns). Using
these criteria, a comparison can be made to recorded data in order to predict the type of research
that might be allowable in a building on the surveyed area.
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Table 1: Noise criteria curves. Quantifies vibration in terms of velocity and descriptions of
activities that normally would be acceptable at that noise level. Resolution refers to the smallest
resolvable size an experiment, or equipment, can attain.
Criterion Curve Velocity Resolution Description of use
µm/s
µm
Workshop(ISO) 800

N/A

Distinctly perceptible vibration. Appropriate to workshops
and nonsensitive areas.

Office(ISO)

400

N/A

Residential
Day(ISO)

200

75

Perceptible vibration. Appropriate to offices and
nonsensitive areas.
Barely perceptible vibration. Appropriate to sleep areas in
most instances. Usually adequate for computer equipment,
hospital recovery rooms, semiconductor probe test
equipment, and microscopes less than 40x.

Operating
theatre(ISO)

100

25

VCA

50

8

VCB

25

3

VCC

12.5

1-3

VCD

6.25

0.1- 0.3

VCE

3.12

< 0.1

NISTA

3.12,
.025

<0.1

Vibration not perceptible. Suitable in most instances for
surgical suites, microscopes to 100x and for other
equipment of low sensitivity
Adequate in most instances for optical microscopes to
400x, microbalances, optical balances, proximity and
projection aligners, Etc.
Appropriate for inspection and lithography equipment
(including steppers) to 3µm line widths.
Appropriate standard for optical microscopes to 1000x,
lithography and inspection equipment (including
moderately sensitive Electron microscopes) to 1µm detail
size, TFT-LCD stepper/scanner processes.
Suitable in most instance for demanding equipment,
including many electron microscopes (SEMs and TEMs)
and E-Beam systems.
A challenging criterion to achieve. Assumed
To be adequate for the most demanding of sensitive
systems including long path, laser-based, small target
systems, E-Beam lithography systems working at
nanometer scales, and other systems requiring
extraordinary dynamic stability.
Similar to VCE, but under 20 Hz the noise level must be
below 25 nm. For extremely sensitive experiments and
facilities dealing with nanotechnology, meteorology, etc.
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Methods of Measurement:

The accelerometer used was a Wilcoxon 731a/P31, which utilizes a piezoelectric element to
sense vibration. The use of a charge amplifier and low pass filter eliminates high frequency
contributions. Specifications are summarized in appendix C.

The accelerometer produces an output voltage which is digitized as a function of time in steps of
1 millisecond. Figure 11 displays a basic waveform and the concepts of analysis. Root mean
square average refers to the averaging of the signal performed by the accelerometer electronics.

Figure 11: Description of Waveform analysis
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The Nyquist frequency determines the useful range of spectral measurements based on sampling
rate. Maximum measurable frequency is the sampling rate divided by 2. The sampling rate
must exceed twice the maximum frequency of any vibration of significant amplitude. Otherwise
aliasing will occur, in which high frequency signals are folded back to appear as false signals at
lower frequencies.

A simple laptop equipped with Labview 8 combined with a USB model 6008 data acquisition
card, both produced by National Instruments, allowed for the recording and initial inspection of
waveforms. Mounting the accelerometer properly maintains optimum frequency response.
Different methods of mounting are required depending on the surface being measured. These
methods assure that the accelerometer will be detecting frequencies in the range of interest.

Field Procedures:
Site A:

The difficulty in measuring this site comes from the heavy traffic at all times in this area
compounding the mounting problem. Measurements were carried out during the summer
(unmounted) and during the active fall semester (mounted). Mounting the accelerometer to
maximize the frequency response required anchoring the aluminum base to concrete and asphalt
regions. This was accomplished by using 4 inch Tapcon concrete screws drilled approximately 3
inches in depth. Rubber mountings on the head of the screws dampened any noise contributions
from the screw/base contact. The rationale behind using rubber to damp the contribution from
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the screw is to try and maintain firm contact between the ground and base since this is where
waveforms of interest propagate (not through the screw). Measurements were performed on both
asphalt and concrete regions located within the site.

Site B:

Mounting in the grassy site B required the use of a stake attached to the bottom of the aluminum
base. Sidewalk areas were not measured. The ambient vibration might be amplified or
dampened inside the concrete, but this material would be removed if the site were chosen making
sidewalk data irrelevant. Various points were chosen throughout the site to give a good
representation of overall vibration for the entire area. The nosiest waveforms recorded are
selected by initial screening when performing the measurements. These are further processed to
provide vital statistics and signal filtering for final presentation in a useful format. The signals
are represented in terms of the power spectrum, amplitude, and time domain (raw) plots.

Results:

Waveforms are represented in terms of acceleration and velocity. As an example of raw
vibration data, figure 13 presents measured acceleration versus time for site B spanning
approximately 30 minutes. The units of acceleration have been converted from volts to

m
2 .
s

Distinct drifts and peaks can be seen within the graph denoting different events that occurred
!

during observation.
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Integrating and Fourier transforming a portion of this data where an acceleration event is
observed yields a velocity spectrum as shown in figure 14. The frequency range of the spectrum
is 1 to 500 Hz. Amplitude range is in terms of velocity (

µm
) and is dependent on the measured
s

µm
vibrations. In this case the plot has a number of maximum peaks ranging from 30
to 43
s
!
µm
. The largest peaks (in green) correspond with the measurement of traffic events. Plots of
s
!
site B in the day and night time have been superimposed with this plot of a transient event

!

(common traffic) to provide a sense of scale. Night time results (in black) are clearly lower than
the day time results for Site B corresponding with VCC and VCD criterion. Day time results for
Site B are higher matching up with VCB and VCC criterion.

Figures 15 and 16 are actual plots of data taken for sites A and B superimposed with each other
on a log-log scale. The superimposed plots signify day and night time readings for the site as
well as noise level criteria. The logarithmic scale for both frequency and amplitude emphasizes
the lower frequency contributions within our range of interest (1Hz to 500 Hz). Distinguishing
problematic frequencies is much easier using this type of plot. This type of analysis is important
for satisfying different criterion such as NIST –A which is very stringent under 20 Hz.

Figure 15 plots Site B data for night and day as well as the transient event. With the log-log plot
distinct peaks corresponding with day and night are distinguishable. The day time data set has
uniform noise approaching 500 Hz while the night data set drops off after a 100 Hz. An
interesting peak at 20 to 25 Hz appears on both the night and day data set. Another interesting
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property is that the low frequency portions (under 10 Hz) match up well in both night and day.
The noise criteria are included within the plot denoting the velocity amplitude limit for each
noise level.

Figure 16 displays data for Site A superimposed with the noise criterion curves. Night data is
considerably quieter for the total spectrum compared to day time data. However one peak
around 25 to 30 Hz appears in both data sets. The night time data set falls off at 100 Hz and the
day time at 450 – 500 Hz. During the night, Site A fits VCE before and after the large peak at
25-30 Hz, VCB holds at the large peak. Day time results fit VCC-VCD before and after the
peak, VCA at the large peak.
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Figure 13: Raw acceleration time domain data. Site B data for approximately 30 minutes is
shown here with the interval representing a portion of data selected for signal processing.
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Figure 14: Linear spectral analysis of time domain data. Raw acceleration data integrated to
velocity, with converted units, appears exactly like this plot after being Fourier transformed (Site
B data used).
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Figure 15: Log-Log plot of Site B with transient event overlay to provide scaling. Night data is
given by the black line, day time by the red, and the transient event by green.
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Figure 16: Log-Log plot for Site A with respect to the noise criterion curves. At 25 to 30 Hz a
peak can be seen on both night and day data.
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CHAPTER THREE: SUMMARY AND CONCLUSION:

Discussion:

For both sites, VCB vibration levels are easily attained during the day and night. Site B however
is the best in terms of both noise criteria and stray EMFs. At night both sites are considerably
quieter due to less reduced activity. Site B again is the better choice because of its location away
from most traffic in and around the university. Site A is poorly situated on a parking lot used
frequently by students and faculty. The contributions themselves are small, however random
events corresponding with vehicles approaching the site and leaving the site are always
problematic, especially with larger vehicles such as buses and physical plant vehicles.

Site B is recommended as the best site for its low noise thresholds during day and night. Noise
thresholds at Site B are considered acceptable for most optical experiments (between VCC and
VCD). Both sites contain a buried ground line, however the stray EMFs from site B are much
lower than site A by almost an order of magnitude. Of course considerable changes in both sites
would occur if construction were to begin changing the consistency of both sites. However, site
A’s location is still very susceptible to cultural vibrations from traffic, heavy pedestrian activity,
and proximity to a UCF physical plant facility.
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APPENDIX A: PHOTOS OF SITES AND EXPERIMENTAL SETUP
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Figure 17: Experimental setup of accelerometer in the field. A stake approximately 12 inches
long is used to anchor the accelerometer to the ground. Data is then recorded on to the computer
by use of the data acquisition card featured in the right of the photo.

Figure 18: Photos of construction and traffic at Site A. The first photo contains various
construction equipment. The second photo displays normal traffic (bus in far back) patterns at
the site.
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Figure 19: Picture of Water, communication and sewer conduits. The Math and Physics
Building is pictured in the distance

Figure 20: The pedistran walkway shown is here. The sidewalk extends beteween the Health
Center and the Math and Physics building.
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APPENDIX B: GUASS METER SCHEMATIC
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Figure 21: Sypris model 4090 Gauss meter in use. The unit measures in terms of miligauss.
Regardless of orientation, the unit will give a reading of magnetic field strength for a given point.
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Figure 22: Specification sheet for Model 4090, shows all details of the system such as the range,
frequency response, and battery life.
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APPENDIX C: ACCELEROMETER DATA
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Figure 23: Fact sheet for the Wilcoxon 731a/p31 siesmic accelerometer unit. Provides the
specifications, features, and dynamic range of the transducer. The fact sheet also documents the
type of piezoelectric sensing element employed as well as onboard filters in the preamplifier.
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APPENDIX D: MOUNTING TECHNIQUES
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Figure 24: Stake used in anchoring accelerometer to grassy or loose soil areas. The stake is
approximately 12 inches long. A rubber mallet or hammer (caution as to not deform the base)
can drive the plate and stake into the desired area.

Figure 25: Tapcon screw used in anchoring accelerometer to paved surfaces such as asphalt or
concrete. Must use a drill to anchor the system to the pavement. A standard cement drill-bit can
bore out the 3 inches need to firmly attach the aluminum plate flush with the pavement.
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